Note: Reducing polarization induced sidebands in Rayleigh backscattering spectra for accurate distributed strain measurement using optical frequency-domain reflectometry Rev. Sci. Instrum. 84, 026101 (2013) Spatially and frequency-resolved monitoring of intradie capacitive coupling by heterodyne excitation infrared lockin thermography Appl. Phys. Lett. 102, 054103 (2013) Design and performance evaluation of polyvinyl alcohol/polyimide coated optical fibre grating-based humidity sensors Rev. Sci. Instrum. 84, 025002 (2013) Designing an optical set-up of differential laser triangulation for oil film thickness measurement on water Rev. Sci. Instrum. 84, 013105 (2013) Note: Simultaneous measurement of transverse speed and axial velocity from a single optical beam Rev. Sci. Instrum. 84, 016110 (2013) Additional information on AIP Conf. Proc. Abstract. Recently, nano-dimensional magnetic thin film and multilayer structures have attracted a great deal of interest due to the possibility of unique and desirable magnetic properties. Our research into magnetic thin films is primarily focused on the growth and properties of such structures on Si to develop the magnetic sensors for field sensing applications. Thin films of permalloy (Ni 81 Fe 19 ) were deposited on silicon substrates using Ultra High vacuum (UHV) sputtering system ( ~ 5 x 10 -9 mbar). To achieve the negligible hysteresis and high thermal stability of these films, the magnetic and structural properties were optimized by (1) varying thicknesses of magnetic films, and (2) post annealing at various temperatures. Optimized films were then patterned to study the device output characteristics to know about their sensitivity and we achieve the sensitive of the order 45 µV/G/V which is equivalent to any commercially available magnetic sensors. These anisotropic magnetoresistive (AMR) based sensors are very useful for further development of navigation compass to use in strategic sectors for the self reliance of our country.
INTRODUCTION
Thin film magnetoresistive (MR) sensors are widely used in various applications and have a significant impact over the past fifty years in many different key technological areas due to higher sensitivity, cost effective and small in size. MR sensors are usually divided into two categories based on Anisotropic Magnetoresistive (AMR) and Giant Magnetoresistive (GMR) sensors. This classification results from the different mechanisms and features of these effects. In this report, we have optimized the process parameters for the growth of magnetic thin films based on AMR properties and also fabricated devices using these films.
EXPERIMENT
Highly pure ferromagnetic magnetic thin films of Ni 81 Fe 19 (i.e., permalloy) have been deposited on the SiO 2 /Si substrates (dimensions: 20 mm×20 mm), while the tantalum (Ta) was used as buffer and cap layers. To get the high purity permalloy thin films, the depositions of these films were carried out using a Ultra High Vacuum (UHV) sputtering system at a base pressure of 10 -9 mbar. The structural characterization of these coatings was carried out by X-ray diffraction (XRD) and Transmission Electron Microscopy (TEM), while the magnetic characterization was carried out by magnetotransport system and Vibrating Sample Magnetometer (VSM). Effect of in-situ annealing temperature in the range of 150 to 500 o C was also studied. From the plane-view micrograph as shown in Fig.  3(a) , it is confirmed that the lateral grain size of the NiFe film annealed at 150 o C was approximately 15-17 nm. Increase in grain size to 23 nm was further observed by annealing at 470 o C. From the XTEM micrograph, the thickness of the Ta as a buffer layer (1) and cap layer (3) was approximately 10 nm, while the thickness of the NiFe main layer (2) was 50 nm. The SED ring pattern confirms the structure of NiFe and is similar to that observed using X-ray diffraction. which is a typical characteristics of multidomain behavior and consistent with anisotropic magnetoresistance effect [2] . The variation of AMR with annealing temperature shown in Fig. 3(c) , which shows that AMR disappears at annealing temperature a 500 o C . Magnetization measurements were performed at room temperature using the vibrato sample measurement system (VSM). The M(H) curve showed the canted shape for the as deposited film as shown in Fig. 4(a) , which changes into rectangular shape for the films heat treated up to 200 o C as shown in Figs. 4(b-c) . While for the films heat treated from 250 to 470 o C, shows the canted shapes. The canted shaped M(H) curves are attributed due to strip domain structures which are composed of many fine magnetic domain structures [3] . However, the rectangular shaped M(H) curves observed at 150 and 200 o C confirmed the formation of single domain structures in the thin films, which are generally observed in thinner films [3] and nanowires [1] . The developed Ni 81 Fe 19 thin film (thickness = 50nm) having Ta as a buffer layer (thickness = 10nm) was used for the AMR sensor development. Four quasi linear AMR sensors in the form of Wheatstone bridge circuit configuration were fabricated on silicon substrate as shown in Fig. 5(a) . For the higher sensitivity and less power consumption in the sensor, each sensor array was patterned in the meander type shape containing 25 multi current paths. To achieve the quasi linear characteristics, each sensor array was patterned out at an angle of ± 45 o . But in this case, shape anisotropy is an important parameter, due to which the resultant sensitivity of the sensor may reduce.
Results and Discussion
As shown in Fig. 5 (a) , the sensor paths are inclined at an angle, ߝ ‫‬ = 45 o with respect to the anisotropy axis and this configuration can result as a different resultant anisotropy axis which inclines at an angle ߝ instead of ߝ ‫‬ . Due to this anisotropy axis deviation by an angle of ∆ߝ = (ߝ ‫‬ − ߝ), the quasi linear transfer output for this type of AMR sensor geometry can be diminished by a factor of sin 2ߝ ‫‬ cos 2∆ߝ and the resultant quasi linear output ( for H x < 0.5 H k ) for the design as shown in Fig. 5 (a) can be written as:
‫ܪ‬ ‫ݔ‬
This equation gives the linear output transfer characteristic and the corresponding sensitivity of the sensor is given as,
MATLAB code for the simple patterned AMR sensor was generated successfully for the output transfer characteristic equation and the simulation was performed for the optimized sensor parameters, which along with the simulated output results are given below as follows: Hence for the optimized sensor parameters, the sensor was. 5(a). For the fabricated sensor, prior to find out the quasi linear transfer characteristic, the experimental characterization was performed. To stabilize the sensor (so that to achieve a very low hysteresis, high linearity and high sensitivity), two hard magnets having opposites magnetic poles were fixed nearby the main sensor as shown in Fig. 5(a) . The optimized position of both the magnets was 1 cm (i.e., the distance between the centers of the magnet and sensor). Fig. 5 (b) shows the experimental output voltage along with the simulated output for the developed AMR sensor. Both the curves show a good agreement at lower fields, however it shows a deviation at higher fields.
In conclusion, we have deposited Permalloy thin films on Si/SiO 2 substrates and both the structural and magnetic properties were investigated as a function of annealing temperature. It was observed that the films annealed in the temperatures ranges from 150 to 250 o C were shown highest AMR percentage ( 2.53 %) with single domain characteristics and very useful for the development of AMR based magnetic field sensing devices. Magnetoresistive sensor with Wheatstone bridge configuration are fabricated and the linear output characteristics was found to match qualitatively with simulated data.
